This chapter outlines two different methods of peer assessment used in team projects at Newcastle University. One of them requires team agreement, whilst the other allows students to assess each other anonymously. Our results show that students are not convinced about the validity and fairness of either approach, and this illustrates that we need to do more work on teaching them how to assess fairly and to reassure them about the benefits of this form of assessment.
INTRODUCTION
This chapter outlines the assessment methods used in Team Projects at Newcastle University, School of Computing Science. These methods have been introduced to ensure fairness in group assessment and to ensure that team processes are assessed as well as team products. Team projects take place in two modules at level 2 of our BSc Hons Computing Science (CS) and BSc (Hons) Information Systems (IS) programmes. One module is the Software Engineering Team Project that is completed by both CS and IS students, and the other is a video project that is completed only by Information Systems students as part of an Information Management module. The chapter begins by providing the context and motivation for the assessment methods we use. We then introduce each module and outline the specific approach and context to learning and teaching we use for these and detail the assessment methods used, including those for peer and self-assessment. The chapter then provides detail of the impact of these assessment methods, using student feedback taken from focus groups and module questionnaires. Finally we provide an overview of our future work to address the issues raised by students and we outline the assessment challenges that remain.
LITERATURE REVIEW

THE BENEFIT OF TEAM PROJECTS
Team work assignments have become common practice in most HEI undergraduate programmes for the sound pedagogical reason that university education is not just about developing what people know and understand in isolation, but about learning from, and with, others for the benefit of society. Team working helps students "shift away from simple academic achievement to much broader goals -preparing them for their working lives" (Lejk, Wyvil, & Farrow, 1996) . Team working is also essential for students who wish to enter the profession of software engineering, as the modern industrial software engineering process "typically involves participation of software designers, programmers, end-users and domain experts and is essentially, a team-based activity" (Layzell, Pearl Brereton, & French, 2000) . The educational benefits of students working cooperatively in groups are well-recognized. These include the following:
• Studying collaboratively has been shown to directly enhance learning;
• Employers value the teamwork and other generic skills that group work may help to develop;
• Group work enhances student understanding, students can learn from each other and benefit from activities that require them to articulate and test their knowledge;
• Group work provides an opportunity for students to clarify and refine their understanding of concepts through discussion and rehearsal with peers;
• Working with a group and for the benefit of the group also motivates some students;
• Group assessment helps some students develop a sense of responsibility (James, McInnis, & Devlin, 2002) .
The benefits of teamwork projects that James et al. (2002) outline are in some senses generic as they could suffice as motivations for all teamwork in Higher Education, no matter what the discipline of the students that are involved. However, these benefits are particularly relevant to computing students, who tend to spend the majority of their degree programme being assessed on their individual task performance. We introduce teamwork because this is very much how students from our degree programmes will work once they enter the software development industry. It is rare for software engineers to work in isolation. They need to work with professionals from other disciplines and other domains of interest, e.g., to implement a system that monitors pipelines for oil and gas, software engineers need to work with engineers from these industries. Part of what our students must also learn when working with others is the ability to assess their own performance on all the projects they work on. The ability to assess and evaluate their own performance means that as practitioners they should be able to continually improve that performance over time and thus reflection will lead to increased experience and knowledge. As software engineers our students will also be assessed on their performance by others in their workplace, so they need to understand the appraisal process and how it can help to further develop their skills as practitioners.
However, being assessed as part of a team during their degree programme can make students uncomfortable, especially if the process contributes marks to the overall classification of their degree at the end of their studies. Students often feel that they are relying on the performance of others to ensure a good grade, and this is viewed as a negative consequence of any team working activity. It is therefore imperative that any assessment methods used should clearly illustrate to students how they were personally assessed for their contribution and also how any marks for collaborative work are divided amongst team members.
ASSESSING INDIVIDUALS IN TEAMS
To produce a mark at the end for each individual taking part in a team project module we need to measure the effectiveness of the team process as a whole as well as the product(s) delivered at the end of the learning activity and then determine the part played by each individual in each of these. Converting a student's contribution on a group task into a numeric grade "is a complicated and problematic task" (Lejk et al., 1996) , and part of the reason for this is because team learning cannot be 'captured' or measured as easily or in the same ways as individual learning can. It is common to assess individuals on team projects in Higher Education in the UK by using peer assessment as one of the methods to capture a picture of an individual's effort. This is because students in each team have a first-hand and, therefore, more rounded perception of how the team have worked together on the project. The team gets to experience the reality of each team member's contribution to the team effort and the team process mainly because a lot of their work for the project takes place outside the classroom and away from the observation of the teacher.
As a method of evaluation, however, peer assessment can cause its own problems. Students often find it hard to be objective about their own performance and that of others, especially if the assessment given will impact on their own or teammates' grades. Freeman, Hutchinson, Treleaven, and Sykes (2006) argue that to ensure peer assessment works as a positive and effective experience for student teams, we need to address design and support issues that arise and thus allow students to improve their ability to make judgements on what constitutes good teamwork. Coppit (2006) outlines the assessment system for team work in software engineering that he feels should be used. The assessment must be fair and "quantitative and objective as possible, with little grader bias". Coppit maintains this goes for all assessment of teamwork, be it assessment by the tutor or by the students. However, it is difficult for students not to be biased when allotting quantitative values to themselves or others, as they are aware the values will impact directly on marks. For this reason, peer assessment is not the only form of allotting marks to students or on giving feedback on performance that should be used. Peer marks or grades should be only one method of evaluating a team or an individual's performance. Tutors need to ensure that other methods are in place, to get a more rounded picture of what is happening in teams. Coppit also advises that "the assessment scheme must not be easily manipulated by students and students should feel they receive the grade that they earn, good or bad." Again, it can be difficult for students to understand their grade if peer assessment is only numerical and is the only method of assessment used. Students can sometimes try and manipulate peer assessment by collusion with others, e.g., "if you give me a good grade, I will give you a good grade" So, it is important that other ways of determining individual performance are put in place, e.g., observation, individual reports or log books, and project viva with a member of staff. It must also be clear to students how their final marks are derived from the variety of assessment methods used. Any marking scheme for team projects should also enable the grading of different types of work, for example, team leadership, documentation, software implementation or testing, i.e., both the product of the project and process of the project. Any system that supports and facilitates the peer assessment process should help students understand the purposes of peer assessment and how the assessment criteria should be applied. The peer assessment process should ideally be viewed as another aspect of learning for students, rather than as just another mechanism that allows teachers to arrive at a summative mark for each student. Good systems should allow students to objectively review the outcome of a project, to determine where improvements could be made for the next project, to discuss what could be done differently to make a process more efficient, and to evaluate skills that team members may need to improve -and these are all aspects that need to be considered in professional project teams, no matter what the discipline. The ability to give constructive evaluations to others is a skill employers will value and students will be expected to use in the workplace, e.g., when reviewing their own annual performance or that of a project team they are leading. Peer assessment of team work also allows students to free themselves from depending on the authority of the teacher and thus develop intellectual independence and maturity through interaction with their peers. At Newcastle we use several methods to understand the team process more accurately and to get a clearer picture of each student's contribution in team projects. Team projects take place in two modules at level 2 of our BSc (Hons) Computing Science (CS) and BSc (Hons) Information Systems (IS) programmes. One module is the Software Engineering Team Project that is completed by both CS and IS students and the other is a video project that is completed only by IS students as part of the Information Management module.
THE SOFTWARE ENGINEERING TEAM PROJECT MODULE
According to Weinberg (1971) , the worst way to run a programming project is "to hire hordes of trainees and put them to work under pressure and without supervision -although this is the most common practice today." Aspects of this statement still very much describe current undergraduate team projects in software engineering in Higher Education. Students who have never experienced teamwork or team software development are put together in inexperienced teams, given tight deadlines, and asked to develop a software system. The one redeeming thing perhaps, in contrast to Weinberg's view, is that we do tend to supervise student teams quite closely.
The Software Engineering Team Project at Newcastle is a year-long project where we randomly allocate students to teams and ask them to create and document a large software product. The module is worth 20 credits (10 ECTS) at Stage 2 (second year of our undergraduate degree programmes). Prerequisites for the module include a combination of programming modules covering Problem Solving, Program Design and Implementation, and Object Oriented Program Design Development. All students also complete a core module entitled The Software Engineering Professional, which includes topics such as ethics and professional and legal standards for software development. The motivation for the module is that the software engineering discipline has a strong team-based focus and the module needs to reflect industrial practice in a useful way in order to both enhance the students' learning experience and increase their employability. Students need to learn how to work with others to develop software collaboratively and this involves learning how to manage their time, make decisions about the planning and scheduling of activities, allocate work fairly based on strengths within the team, and find ways of working with other people's design ideas and code. The module also aims for students to learn the 'soft' skills associated with teamwork including negotiation, communication, delegation, leadership, and professionalism. The specific intended knowledge and skill outcomes for the module are the following:
-an understanding of the issues that relate to the planning and execution of a team-based software project. -practical experience in issues such as team structure, document preparation, project management, and the design and implementation of a large software system, -the ability to work as a member of a team, to fulfil appropriate roles and to apply these and other skills to the job at hand.
Team members take on relevant roles, such as project manager, software tester, or documentation lead, and together they allocate tasks, plan the project, and determine the development methodology. Examples of the type of project students have been asked to create in the past include mobile applications for language learning and a system for educating young people about health and fitness. We expect student teams to work almost independently, but they get support when needed from staff via weekly formal meetings for each team leader and from project clinics where all team members can come and talk to the module leaders about their project and any particular issue they are facing. Common problems faced by teams include perceptions of unequal effort between team members, lack of attendance or participation by some team members, poor task completion, or disagreements about workload allocation and sharing.
EVIDENCING EFFORT AND ASSESSING LEARNING
For the first five weeks of the Software Engineering Team Project module, students are taught software engineering theory in lectures, and these provide a broad flavour of the discipline. Lectures in-clude an overview of project planning and management, process models, and team structures as well as the stages of the software engineering process (Requirements Analysis and Specification, Analysis, Design, Implementation, Configuration Management, and Testing and Debugging). Students are placed in their teams in week 3 of the first semester, and, after the five week lecture series is completed, they are expected to meet in their teams at least once a week for an hour, in a 'formal' meeting to work on the project management activities (these include planning, task allocation, communication, and task completion). The module has quite a few assignments to keep teams busy throughout the academic year. Assignments are in the form of project 'deliverables' and in Table 1 these are mapped to the module learning outcomes to illustrate where these are assessed. Deliverables comprise individual submissions (I) and team submissions (T). 
CONTRIBUTION MATRICES
To accommodate students' concerns and make individual assessment fair, we specify a simple contribution matrix for inclusion with each team submission (Figure 1 ). This provides the opportunity for teams to describe individual members' contributions for every deliverable, i.e., who was responsible for creating, modifying, editing, or reviewing documents and code associated with the project. Teams can add other actions and tasks according to the nature of the assessment -e.g., technical tasks like programming sections of code. The matrix clearly shows which parts of the deliverable each team member produced. It can also record team processes, e.g., organisation or leadership. Everyone in the team must agree to the matrix before it is submitted. We use the matrices at the end of the module to verify the overall contribution of each student to all team deliverables. They are generally used in conjunction with observation at formal meetings and presentations as well as team documentation, such as minutes of meetings, team log books and reports.
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Contribution matrices are used only to adjust an individual's marks if there is disagreement at the end of the project as these verify the exact nature and extent of their efforts. Students can also use these matrices themselves to help decide on peer assessment percentages during or at the end of the project.
ALLOCATING PERCENTAGES: DIVIDE 100%
As the teams manage themselves outside of formal classes and project meetings, we need to ensure that we capture this informal learning and activity and that it contributes to the assessment of each student's performance at the end of the module. We use our peer assessment activity to do this. Students conduct peer assessment twice during the project -mid-way through the first semester (at the early stages of teamwork, where teams are getting to grips with the challenge of working together) and at the end of the project when students have delivered their software and the teamwork is almost complete. We ask students to divide 100% between team members (including themselves) based on their perception the effort and contribution to the project processes and deliverables each member has made. Figure 2 shows an example percentage allocation for a 5 person team. In this example, the column on the right with the heading "total/5 to 1 decimal place" adds up to more than 100% but this is deemed insignificant: it is hard to be precise, but we round up above 0.5. The marks for all team assignments are multiplied by these peer marks, as a team weighting, to get the student's overall individual mark for the team deliverables, e.g., if a design document received a group mark of 77%, Joe would get the full mark for the assignment, given that he has the highest peer weighting. The module leader also assesses effectiveness during the project, as a team, based on performance in meetings and presentations throughout the year and on each team deliverable. 
THE INFORMATION MANAGEMENT MODULE TEAM VIDEO PROJECT
The second project in which students peer assess is a video making project that students undertake in the Information Management module. They must create a 5 minute video loosely relating to a specified theme. The aim of the project is to experience the technical aspect of film making and also the legal issues that arise, e.g., music copyright and filming in public places, as well as the important aspect of teamwork. We place students into teams of 5-6 students and ask them to produce several assignments relating to their final video submission.
The students receive an introduction to storyboarding, script preparation, and the organisational issues that they need to think about when creating a video, such as continuity and timing. There is no specific teaching with respect to the technical issues of video production such as using cameras and video editing -students frequently use their own equipment and software so it would not be especially useful to them as there is considerable variation in features and interfaces.
There are four pieces of assessed coursework: an individually prepared storyboard, a script created by the group based around team members' storyboards, the video itself, and an essay reflecting on the student's own experiences when working on the project. The peer assessment values are applied to the mark that the team receives for their video.
ALLOCATING PERCENTAGES: "SHOW ME THE MONEY!"
In order to review their team process via peer assessment we ask students to distribute an imaginary £1000 bonus between team members according to their perception of each person's effort and contribution to the team goals, each student anonymously allocating a proportion of the £1000 to their team mates, excluding themselves. The tutor then finds the maximum amount allocated to one student and that student gets the full mark given for the project, e.g., 16 out of 20. Everyone else gets the marks times their total divided by the maximum amount. So, for example, if a maximum mark is 16/20 for a piece of team coursework the allocations for a team of 6 students could be as shown in Figure 3 . In this example student E would get the full 16/20, student A would get 15/20, and so on. 
Figure 3: Allocation of money in Information Handling
METHODS FOR GATHERING FEEDBACK
To determine the student experience of peer assessment methods used during the team projects at Newcastle we reviewed module questionnaires, conducted focus groups, and reviewed individual reflective reports for all students taking part.
-Module Questionnaires -All students who participate in these modules complete an online evaluation of the module anonymously. Team project modules are surveyed twice during the academic year, once before Christmas and again towards the end of the final term, before the exam period. These questionnaires contain some standard questions on the module, including questions on the quality of lecture delivery, structure of modules, etc. It is in the free-text areas of the questionnaires that students tend to comment on their feedback and assessment experiences, and we focused on both these areas when gathering responses. -Focus Groups -The focus group was conducted using 1 participant from each team for the Software Engineering Team project (i.e., for 22 teams we had 22 participants and ran 2 sessions of the focus group). The focus groups were facilitated by a 'neutral' facilitator. We have run several of these focus groups over the years and normally ask an employer to host these for us. Students are comfortable talking to someone who has acted as a 'customer' during the year but who has no impact or influence on their assessment. -Individual Reports -Each student on these modules must submit a report at the end of the year (approx. 4 pages in length) reflecting on their individual experiences during each module and also on their performance in their allocated role.
RESULTS
From the questionnaires and focus groups we found that students felt one of the best things about the team work modules were that they were able to work with and get to know their fellow students. They also liked the project briefs and thought they were interesting and challenging, and they also thought they prepared them well for working in real business situations. They also felt that the skills gained from the modules were good for their CVs and helped when interviewing for internship or placement positions.
Some students thought that the idea of randomly assigning students to their teams was a good idea and that, even though the work was sometimes stressful, it was fulfilling. Students commented that the modules were "completely unlike all the other modules because they teach you about the personal and organisational areas of projects, instead of just the technical" (Survey comment). Team members commented that they were pleased to be able to design a product with their own designs rather than just being told what to do. They also felt the modules pushed them to behave differently, as one student observed when asked to specify something good about the modules (Figure 4 ):
Figure 4: Student feedback on module questionnaire
The results showed that the first peer assessment, which takes place early on in the software engineering project, acted as a motivator for some students, e.g., in the feedback in Figure 5 , students were motivated to improve their performance after receiving a poor evaluation from their teammates.
Figure 5: Student feedback on their first semester peer assessment experience
When referring to working with others though, some students felt that there were areas of the projects that needed to change. Students commented that they would like staff to punish students that did not pull their weight, or that peer assessment should have a greater influence on marks. They felt that there needed to be some way of observing students outside of formal meetings, when members of staff were not present. Student feedback also showed us that the peer assessment process often had a demoralizing effect on the team with suspicion of collusion between members to get a better mark. These suspicions were not optimal for the continuation of work during the second semester, and the process sometimes caused tension among team members who then had to continue working together ( Figure 6 ). (Marshall, 2003) . The peer assessment exercise takes place at the end of the Information Handling module, after all coursework has finished and meetings have taken place. There was, however, some evidence that students had colluded before the process and module leaders received complaints to this effect. However, it was very hard to prove that collusion had taken place, given only anecdotal evidence. The fact that the students do not mark themselves using the "Show me the Money!" method was also interesting, because they do not evaluate their own performance, only that of others. Using this method, if all students are given equal marks, then that is fine. However, if the marks allotted to team members differ and one attains a much higher mark than the rest, then there is a danger the assigner's mark could be detrimentally affected. So, there are areas of concern with this method that also still need to be addressed.
EVALUATION
The peer assessment methods we used had a mixed reception from students. The peer assessment exercises could be positive and motivate or warn students who were not pulling their weight. However, they could also negatively impact team productivity and morale. One of the problems with our methods is that we did not give our students much guidance on peer assessment. We did give them tips about making fair decisions, e.g., we asked students to focus more on tasks, attendance, and performance rather than personality and behaviour. However, we really asked them to judge a person's performance without providing suitable and clear criteria for doing so. Students were, therefore, unsure of the reasons for peer assessment and generally found it difficult.
One way to increase students' engagement with the peer assessment process could be to illustrate the real value placed on evaluating performance as a skill needed in the real world (e.g., in software engineering or information handling roles). We found it interesting that student feedback from the Video Project peer assessment exercise was mainly positive, in contrast to feedback on methods used in the Software Engineering Team Project. We are, therefore, interested in evaluating if the reasons for the positive feedback from "Show me the Money!" are (a) because students used money instead of percentages or (b) mainly because the process was anonymous and online and, thus, avoided any confrontation or face to face discussion and the need for agreement between team members.
The use of peer assessment during each of the project modules was, in part, to help us estimate an individual's contribution for summative purpose, but mainly to help students reflect on their performance and what they achieved and learned. However, our students' experiences of peer assessment were somewhat negative and counterproductive in some cases. We need to improve their experience by retaining the good aspects of peer assessment as a learning mechanism and by working on the weaker areas of the exercises. It may be that our peer assessment methods (especially that for allocation of percentages) are not working as well as we hoped in combating collusion or in helping students learn evaluation skills.
There are weaknesses in both approaches in terms of engaging students with the process and in our reassuring them about fairness. Also, despite our efforts to ensure that both products and processes are assessed in these projects, we still face difficulty in capturing all effort and student learning throughout each project. Whilst students generally reflect on their experiences as useful and productive in terms of learning new skills, they still tend to experience difficulty in expressing to what extent their skills have developed and changed throughout these projects.
CONCLUSION & FUTURE WORK
We have outlined the peer assessment methods we currently use during Team Project modules in Computing Science at Newcastle and have given some examples of student feedback on their experi-ence using these methods. The anonymous submission method used in the Information Handling module was the most successful in terms of helping students feel comfortable and reassured about the peer assessment process. The need for team agreement on contribution matrices in the software engineering module was also successful in terms of recognition of individual effort. It is these two elements that we think the reader might want to try out in their own team projects.
We hope to conduct a study that will allow us to further explore different peer assessment mechanisms to ensure they are a positive learning experience for students and this includes new ways of assessing and evaluating skill development during these types of modules. We are currently working on our own online system that will allow students to evaluate each other anonymously and to select one area of strength that they personally would like to be evaluated on. This new system should remove the focus on percentages and numbers and allow students to focus on assessing their own and their teammates' competency-levels for a variety of skills and abilities that are related to the module learning outcomes. We also will continue work on ways to prevent collusion during peer assessment. 
